findings suggest that women display superior sleep measures, such as higher sleep quality and 1 0 0 longer sleep durations, but women have also reported poorer quality sleep, including more 1 0 1 insomnia, compared to men. 24, 25 Thus, the complex interactions between biological sex and 1 0 2 sleep metrics need to be examined further. In the Pharmacy program at Duquesne University, exams are administered at 7:30 AM in the 1 0 4 morning (6:30 or 7:00 AM for special needs students), and classes commence at 8:00 AM. Despite the need for early-morning awakenings, anecdotal comments from Pharmacy students 1 0 6 LONG WEEKEND SLEEP AND ACADEMIC PERFORMANCE 5 suggest that they often stay up late at night, cramming for the 7:30 AM examinations, and then 1 0 7 "crash" on weekends by oversleeping. Experts have recommended a consistent sleep schedule as 1 0 8 the best practice for good sleep hygiene and superior academic performance, as was recently 1 0 9 rigorously demonstrated by Okano and colleagues in students enrolled at Massachusetts Institute 1 1 0 of Technology, 4 and by Phillips and colleagues in students enrolled at Harvard University. 26 The 1 1 1 data collected in both of these studies support the view that regular sleep habits improve student 1 1 2 grades. Unfortunately, the abovementioned studies did not present data stratified by weekday 1 1 3 versus weekend sleep. Therefore, we investigated the potential impact of long weekend versus 1 1 4 weekday sleep durations on grade point averages (GPAs) of pharmacy students at Duquesne 1 1 5
University. GPAs were acquired from the Dean's office, rather than relying on self-reporting. Gender was added as an independent variable in our analyses. Study Design: Ethics approval for three surveys was granted by the Institutional Review Board 1 2 0 at Duquesne University, and their standardized consent forms were employed. All three surveys 1 2 1 were administered to the same students. First, a mandatory online homework assignment (Survey and awakenings for three consecutive weeks mid-semester. Survey 2 was voluntary. In Survey 2, demographic information and specific permission to 1 2 9 publish the data from Survey 1 (on a separate page from demographic data) were collected from 1 3 0 125 students (Appendix 1). If the consent form on the separate page was left unsigned, the entire 1 3 1 packet from that student and their Survey 1 data were not used. Even if the consent from was 1 3 2 signed by the student, it was nonetheless detached from Survey 2 to maintain anonymity, not 1 3 3 allowing us to connect individual data points across Surveys 1 and 2. Rather, the data in Survey 1 3 4 2, including the self-reported GPAs, were used to guide the questions in the final, third survey. In 1 3 5 other words, data from Survey 2 were used independently from surveys 1 and 3, as we were not 1 3 6 able to link it back to the individual. The third survey was also voluntary and deployed two months later to the same class of students, working at a job, etc. (Appendix 1). One-hundred and twenty-five students participated in 1 4 2 Survey 3. In Surveys 2 and 3, specific permission was collected to acquire grade-point averages 1 4 3 (GPAs) from the Dean's office, but students could refuse to have their data analyzed and 1 4 4 published at any time. Once data were connected across Surveys 1 and 3, and the students' deidentified and their names replaced with ID numbers. These third-year students were in their 1 4 7 second semester of the professional phase (i.e., the third year of the entire curriculum), and, 1 4 8 therefore, the professional-phase GPA only consisted of data from the previous semester. ANOVAs were performed on data sets. Bonferroni post hoc tests were used for multiple 1 5 5 comparisons after the appropriate ANOVA. For non-Gaussian data sets, the Kruskal-Wallis test 1 5 6 was followed by the Dunn's post hoc correction for multiple comparisons. Alpha was set at 0.05 1 5 7 (two-tailed). Inclusion/Exclusion Criteria: Data were included in the analyses and graphs only if the student 1 6 0 granted permission. Data were excluded from the survey if the student did not grant permission. If a student granted permission but failed to complete a specific part of the survey (i.e., some 1 6 2 students did not answer every single question on each survey), the remaining data were still The majority of participants were women (82 women / 125 total responders), 22 years of age (42 1 6 7 were 21 years old or younger, 67 were 22 years old, and 12 were 23-25 years old) and were not 1 6 8 part of an athletic team (11 males and 5 females were part of athletic teams). Fourteen out of 43 1 6 9 male responders and 43 out of 82 female responders lived on campus and did not commute to 1 7 0 classes. Not all demographic questions were answered by every student. Other than self-reported 1 7 1 gender, these factors did not significantly influence sleep measures or GPA, as discussed further
A frequency histogram of cumulative GPAs from students who granted permission is illustrated 1 7 4
in Figure 1A . Weekend sleep duration was significantly associated with cumulative GPAs 1 7 5 collected from the Dean's office (Figure 1B ; one-way ANOVA; F(4, 107) = 2.621; p = 0.0389; 1 7 6 passed heteroscedasticity and normality tests). Students who slept 10 or more hours per weekend 1 7 7 night had significantly higher cumulative GPAs than students who slept 6 hours per weekend 1 7 8 night. Women had slightly higher cumulative GPAs than men (Figure 1C ; two-tailed t test; t = 1 7 9 2.418; df = 118; p = 0.0171; passed heteroscedasticity and normality tests). Hence, the impacts 1 8 0 of gender and weekend sleep duration on cumulative GPAs were analyzed by two-way ANOVA 1 8 1 (Figure 1D ; passed heteroscedasticity and normality tests). A significant interaction between 1 8 2 gender and hours of sleep on the weekend was observed (p = 0.0235, F(4, 102) = 2.954), as well 1 8 3 as a significant effect of weekend sleep duration (p = 0.0059; F(4, 102) = 3.851). However, heteroscedasticity but failed normality tests; Mann-Whitney U statistic 1588; two-tailed p = 1 9 9 0.7788). Sleep inconsistency was not also impacted by gender when the weekend and weekday 2 0 0 data were analyzed separately, and it was not correlated with cumulative GPA (not shown). bed was significantly associated with GPAs from the professional phase, in an inverted U-shaped 2 0 7 pattern (Figure 3B ; one-way ANOVA; F(4, 116) = 2.763; p = 0.0308; passed heteroscedasticity 2 0 8 and normality tests). Subjects who fell asleep within 15 minutes, on average, had significantly 2 0 9 LONG WEEKEND SLEEP AND ACADEMIC PERFORMANCE 1 1 higher professional-phase GPAs than those who needed one or more hours. This advantage, 2 1 0 however, was not observed in those who reported falling asleep immediately upon entering bed. The main novel finding of the present study is that weekend sleep duration explained a 2 1 3 significant proportion of the variance in the cumulative GPAs of male, but not female student pharmacists. Our students also diverge from previous studies in that we failed to observe a 2 1 5 correlation between academic performance and weekday sleep duration, 4, 22 perhaps due to early 2 1 6 exam schedules, combined with a high frequency of assignments and exams (four 2 1 7 exams/semester for multiple courses). Given the lack of significant correlations between 2 1 8 academic performance and weekday sleep durations (including the night before an exam), our 2 1 9 central hypothesis was only partially supported. Given the beneficial impact of sleep on cognitive function, we had expected to find a relationship 2 2 2 between sleep duration and cumulative GPAs in men as well as women. We did not observe colleagues. 4 Thus, gender differences in academic performance in our student cohort are not 2 2 5 readily explained by the latter measure. It should be noted that differences across sleep studies in 2 2 6 academia are not unexpected, given the unique demographics of students enrolled at different 2 2 7 institutions. These discrepancies highlight the importance of continued work on this topic. The second main finding of the present study is the U-shaped graph of professional-phase GPAs Introduction, is associated with poor academic performance. These observations suggest that 2 3 5 additional information on sleep-delaying factors, such as blue light exposure from electronic 2 3 6 devices and anxiety-related insomnia, should be investigated in this cohort, particularly during 2 3 7 the professional phase. Given our results, we speculate that men may be more vulnerable than women to the negative 2 4 0 sequelae of foreshortened weekend sleep and may benefit from sleeping longer on the weekend, analyses between sleep and GPA, they did report that women complained of more sleep 2 4 8 difficulties on weekends, which may suggest that women cannot reap the same benefits as men homework assignment on a daily basis for three weeks, and are therefore independent of lapses 
